Abstract. Cysteine cathepsins (CTSs) are involved in the degradation and remodeling of the extracellular matrix and are associated with cellular transformation, differentiation, motility and adhesion in cancer development. Previous studies indicate that CTSs may be involved in ovarian cancer invasion and metastasis. However, due to the lack of large sample clinical studies and direct experimental evidence for the relationship between the expression of CTSs and invasion and metastasis, the diagnostic and prognostic value of CTSs in ovarian cancer progression has not been elucidated. In the present study, we observed that expression levels of CTSB, CTSL and CC in malignant ovarian tumors were significantly higher than the expression levels in benign tumors and normal ovarian tissues, yet their associations with clinicopathological features varied. In particular, CTSL was related to lymph node metastasis, CC was related to liver metastasis and omental metastasis, and CTSB and CTSL expression levels were found to be independent prognostic factors in ovarian cancer. Further study indicated that the serum level of CTSL was significantly higher in patients with ovarian malignant tumors than the levels in benign tumors and healthy controls, and the levels were elevated in low grade and advanced stage compared to the levels in high grade and early stage disease, suggesting that the serum level of CTSL may be a useful serum marker for the diagnosis of ovarian cancer. Furthermore, the expression of CTSL in ovarian cancer cells can greatly enhance the ability of cell invasion and metastasis, although no change was observed for cell adhesion. Taken together, we demonstrated that the overexpression of CTSL is involved in tumor invasion and metastasis, and the CTSL level in serum may be a marker for invasion and metastasis in ovarian cancer.
Introduction
Ovarian cancer has the highest mortality rate of all gynecological cancers and is the fifth leading cause of death among women (1) . Approximately 90% of human ovarian cancers are thought to originate from the ovarian surface epithelium (2) . Ovarian cancer is difficult to diagnose at an early stage due to the lack of specific symptom and physical signs, and ovarian cancer has a high rate of metastasis in the early stage. Approximately 70% of the patients are diagnosed with FIGO stage III or IV, with a poor 5-year survival rate. Although the ideal primary cytoreductive surgery and combination chemotherapy with platinum have improved the prognosis of patients with advanced ovarian cancer, the 5-year survival rate remains ~40% (3, 4) . Cysteine cathepsins (CTSs) are a family of cysteine proteases which function primarily in protein degradation in the lysosomes in the majority of cell types (5) . CTSs are involved in the degradation and remodeling of the extracellular matrix and are associated with cellular transformation, differentiation, motility and adhesion. These functions are also related to cancer cell invasion and metastasis. CTSs are believed to play important roles in ovarian cancer invasion and metastasis. Athanassiadou et al (6) revealed that cathepsin D (CTSD) is an indicator of malignancy in serous ovarian carcinoma, as its expression is higher in serous ovarian carcinoma than in benign serous ovarian tumors. In addition, Nishida et al (7) observed significantly increased serum levels of CTSL in patients with ovarian cancer (P<0.05). Moreover, ovarian cancer samples were found to express higher levels of CTSL mRNA than those of uterine cancer, benign ovarian tumors, and normal ovarian tissue samples. Kolwijck et al (8) found that the ratio of CysC/CatB was significantly lower in patients with metastasis compared with this ratio in localized epithelial ovarian cancer (EOC) (P=0.025). The ratios of CysC/CatH and CysC/CatX differed significantly between histological subtypes (P=0.012 and P=0.035, respectively) and were significantly higher in high-grade tumors when compared with the ratios in low-grade tumors (P=0.031 and P=0.039, respectively). Neither cathepsins nor their ratios were significant predictors of survival for EOC patients. Meanwhile, analogical study results have been reported in other cancer types. Therefore, CTSs are considered to be potential prognostic factors for the aggressiveness of ovarian cancer, and may contribute to the invasion of ovarian cancer cells (9) . Disappointingly, however, due to the lack of large sample clinical studies and directly experimental evidence for the relationship between the expression of CTSs and invasion and metastasis, the scientific community has not reached a general consensus on the diagnostic and prognostic value of CTSs in ovarian cancer progression. In the present study, based on the analysis of the relationship between the expression of CTSB, CTSL, CTSD and CC in ovarian epithelial carcinoma tissues and the CTSL concentration in the serum of patients with ovarian epithelial carcinoma, we aimed to explain whether CTSs may act as clinicopathological factors, and whether the overexpression of CTSL promotes cell invasion and metastasis in ovarian cancer cells.
Materials and methods

Samples
Tissue samples. All tissue samples were obtained from patients who underwent surgery at the Department of Gynecologic Oncology, Affiliated Tumor Hospital of Guangxi Medical University, Nanning, Guangxi from October 2002 to October 2009, and diagnoses were confirmed by a pathologist. This research included 47 epithelial malignant ovarian tumors (24 serous, 12 mucinous and 11 undifferentiated), 20 benign ovarian tumors (12 serous and 8 mucinous) and 21 normal ovarian tissues (obtained from patients with hysteromyoma who received hysterectomy + hapl-oophorotomy). In the malignant group, the median age of the patients was 45.38 years (range, 34-73), and 20 patients had stage I-II tumors, and 27 patients had stage III-IV tumors according to the International Federation of Gynecology and Obstetrics (FIGO) classification, and 17 had high and intermediate degrees of differentiation and 20 had poor differentiation. All of the patients were followed up (100%). The survival of the patients ranged from 8 to 67 months, and the median survival time was 29.81 months. The 3-year survival rate was 49% and the 5-year survival rate was 32%. In the benign group, the median age of the patients was 40.6 years (range, , and in the normal group, the median age of the individuals was 44.8 years (range, 42-53). All tissue specimens were collected from the primary tumor lesion during surgery. A portion of each specimen was sent for histopathological examination, and the remaining portion was immediately stored in a liquid nitrogen tank ready for RNA isolation.
Human serum samples. Serum samples were obtained from patients who underwent surgery at the Department of Gynecologic Oncology, Affiliated Tumor Hospital of Guangxi Medical University, Nanning, Guangxi. This research included 177 epithelial malignant ovarian tumors (109 serous, 54 mucinous and 14 undifferentiated) and 100 benign tumors (62 serous, 24 mucinous and 14 benign teratoma). Among the patients with malignant tumors, 83 patients had stage I-II tumors and 134 patients had stage III-IV tumors according to FIGO classification. The median age of the patients with malignant tumors was 44.6 years (range, , and the median age of the patients with benign tumors was 35.6 years (range, 14-64). Serum samples of normal controls were obtained from 101 healthy females undergoing routine physical examinations.
The study was endorsed by the Ethics Committee of the Guangxi Medical University. All subjects received an explanation of the aims of the study and signed informed consent. All subjects understood that they could withdraw from the study at any time without influencing their oncological or general medical treatment.
RT-PCR analysis. Total RNA was extracted from frozen tissues by TRIzol reagent (Invitrogen, Carlsbad, CA, USA), and cDNAs were synthesized using AccuPower RT PreMix (Invitrogen). The cDNA was serially diluted 10-fold and quantitatively equalized for PCR amplification using specific primers (Table I ). The PCR amplification was performed under the following conditions: initial denaturation at 94˚C for 5 min, followed by a variable number of 35 cycles: 94˚C for 30 sec, specific annealing temperature for 30 sec, elongation at 72˚C for 45 sec; and a final elongation at 72˚C for 5 min. The PCR products were visualized on 1.5% agarose gels containing ethidium bromide. GAPDH was used as a control. The ratio of the grayscale value of the gene to the value of GAPDH was determined as the relative expression level of the gene.
Enzyme-linked immunosorbent assay (ELISA) detection. Two microliters of peripheral blood was obtained from patients prior to any treatment. Sera were collected and stored at -80˚C. ELISA for CTSL was performed using an immunoassay kit (Boatman Biotech, Shanghai, China) according to the manufacturer's instructions. Goat polyclonal antibody against CTSL and standard substance were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The optical density (OD) at 450 was determined. The standard curve was established by the value of OD450 vs. the concentration of the standard substance. plasmid was performed as follows. Briefly, the primer was designed according to the cDNA sequence of CTSL which was deposited in the GenBank database, for which the restriction sites of XhoI and BamHI were inserted into both ends of the CTSL open reading frame. The specific primers were upstream pr i mer, 5'-G CCTCGAG CATGA ATCCTACACTCA TCCTTG-3' and downstream primer, 5'-GCAGGATCCTC ACACAGTGGGGTAGC-3'. The purified PCR product of CTSL was linked with the pMD18-T vector using T4 DNA ligase (Takara Co), and the constructed pMD18-T-CTSL plasmid was confirmed by sequencing. Then the pcDNA3.1 and pMD18-T-CTSL vectors both digested with BamHI and XhoI were purified and linked to develop recombinant pcDNA3.1-CTSL. The pcDNA3.1-CTSL DNA was confirmed by sequencing.
Construction of the CTSL-siRNA expression vector. Four siRNA primers for CTSL and the primers for the control genes were designed as follows: i) CTSL-441, GGCGATGCAC AACAGATTA; ii) CTSL-906, GTATGTTCAGGATAATG GA; iii) CTSL-1202, GCACAGAATCAGATAACAA; iv) CTSL-1265, CGGATTTGAAAGCACAGAA; v) NC, TTCT CCGAACGTGTCACGT; vi) GAPDH, GUAUGACAACAG CCUCAAGTT. The target labeled with fluorescence was transfected into A2780 cells. Total RNA was extracted by TRIzol reagent, and cDNAs were synthesized using AccuPower RT PreMix. The expression of CTSL mRNA in cells transfected with the target and the control was measured by PCR. The gel imaging system was used to analyze the grayscale ratio of CTSL vs. β-actin, and the best siRNA silencing efficiency was determined according to the grayscale.
In accordance with the requirement of the expression plasmid pSilencer™4.1-CMV-neo (Ambion Co.), the sequence TTCAAGAGA was selected as the loop. DNA sequence loop ends are complementary to the siRNA target sequence. The DNA sequence of short hairpin RNA (small hairpin RNAs, shRNA) with BamH1 and HindIII sticky ends was designed. At the same time, a non-human short hairpin RNA sequence was designed as a negative control. The oligonucleotide sequences for CTSL were 5'-GATCCGCACAGAATCAG ATAACAATTCAAGAGATTGTTATCTGATTCTGTGCA GA-3' and 5'-AGCTTCTGCACAGAATCAGATAACAATC TCTTGAATGTTATCTGATTCTGTGCG-3', and the oligonucleotide sequences for the control were 5'-GATCCCCGCG AACGAAATAAAATATTCAAGAGATATTTTATTTCGT TCGCGGAGA-3' and 5'-AGCTTCTCCGCGAACGAAATA AAATATCTCTTGAATATTTTATTTCGTTCGCGGG-3'.
The oligonucleotide was annealed to form a pair of oligonucleotides, then pSilencer™4.1-neo vector was digested and linearization. The oligonucleotide pairs were connected with the linearization vector in a 2:1 ratio by T4 DNA ligase, and transformed into DH5a competent cells. The plasmid was extracted using a plasmid extraction kit (Promega) and confirmed by sequencing, and named as recombinant plasmids pSilencer™4.1-CTSL and pSilencer™4.1-Control, respectively. Methods to determine the cell biological behavior. Cell growth was measured using the MTT assay, cell cycle was determined by flow cytometric assay, and DNA content and the cell number and cell proportion in G1, G2, S phases of the cell cycle were analyzed by MultiCycle software. Cell invasion in vitro was measured by Matrigel invasion assay, and cell migration in vitro was measured by Transwell migration assay.
Transfection of HO8910 and
Data analysis. SPSS 10.0 statistical software was used for data analysis. P<0.05 was considered to indicate a statistically significance result. Fig. 1 , the mRNA expression of CTSB, CTSL and CC in malignant ovarian tissues was higher than the expression in the normal and benign tissues (P<0.01), while no significant difference in expression was observed between the normal and benign ovarian tissues (P>0.05). In addition, the ratio of CTSB expression vs. CC expression in benign and malignant tissues was higher than the ratio in the normal controls (P<0.05), but no difference was detected between the ratio in the benign and malignant tissues.
Results
mRNA expression of CTSB, CTSL, CC and CTSD, and their associations with clinicopathological features and prognosis in ovarian cancer. As shown in
Correlation between the expression levels of CTSB, CTSL, CC and CTSD and clinicopathological features in the ovarian malignancies was varied (Table II) . The mRNA expression of CTSB had no relationship with surgical pathological stage, histological grade, lymph node metastasis, and residual tumor in the malignant ovarian tumors (P>0.05), while the CTSB expression in patients with ascites >500 ml was significantly higher than the expression in patients with ascites <500 ml (P=0.006). In addition, the CTSB expression in serous carcinoma was higher than the expression in mucinous carcinoma (P=0.047). The CTSL expression had a weaker association with histological type, residual tumor, liver metastasis, omental metastases and ascites (P>0.05), while its expression in stage Ⅲ-Ⅳ ovarian malignancies was significantly higher than the expression in stage Ⅰ-Ⅱ tumors (P= 0.02). Moreover, the CTSL expression in the highly differentiated malignant ovarian tumors was significantly higher than that in the poorly differentiated tumors (P=0.041), and the expression in ovarian malignancies with lymph node metastasis was significantly higher than the expression in patients without lymph node metastasis (P=0.026). The CC expression in malignant ovarian tumors had a limited relationship with histological type, surgical stage, lymph node metastasis and the residual tumor (P>0.05). However, the CC expression in patients with poorly differentiated adenocarcinoma, or with liver metastasis and omentum metastasis, or with ascites volume >500 ml was significantly higher than the expression in patients with moderately differentiated adenocarcinomas (P=0.016), or without metastasis (P=0.027) or with the amount of ascites <500 ml (P=0.039), respectively. The expression of CTSD had weak associations with surgical stage, pathological type, histological grade, lymph node metastasis and residual tumor (P>0.05), while its expression in patients with liver metastasis was significantly higher than the expression in patients without liver metastasis (P=0.029), and the expression in patients with ascites >500 ml was higher than the expression in patients with ascites <500 ml (P=0.024).
The associations of the expression of the CTS genes with prognosis in patients with ovarian cancer were analyzed using Kaplan-Meier survival curve and long-rank testing. As shown in Fig. 2 , the median survival time of the patients with tumors exhibiting negative CTSB expression was longer than that of the patients with CTSB-positive expression in the tumors, but the difference was not statistically significant. The survival Table III , expression levels of CTSB and CTSL were found to be independent prognostic factors for ovarian cancer. Table IV , the serum concentration of CTSL in patients with malignant ovarian tumors was significantly higher than the concentration Table III . Results of Cox Proportional-Hazards Regression. Compared to normal control, P=0.000; b compared to benign group and normal control, P=0.000. levels in patients with benign ovarian tumors and in healthy controls (P=0.000). In addition, the level of CTSL in the benign group was notably higher than the level in the normal controls (P=0.000). The serum concentration of CTSL in ovarian cancer displayed no obvious differences among the pathological types. Likewise, the serum concentrations of CTSL in patients with lymphatic and pelvic metastasis, or with distant metastasis showed no significant differences when compared to the CTSL concentrations in patients without these metastases. However, the serum levels of CTSL in patients with low histological grade and advanced stage were higher than the levels in patients with high grade and early stage disease (F=12.452, P=0.030 ), and the CTSL level in patients with peritoneal metastasis was higher than the level in patients without peritoneal metastasis (F=12.210, P=0.030) ( Table V) .
Serum concentration of CTSL and its relationship with clinicopathological features, metastasis and prognosis in patients with malignant ovarian tumors. As shown in
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The ROC curve was established based on the serum levels of CTSL in 177 patients with epithelial ovarian cancer (Fig. 3A) . A comparison of the area under the curve between 115 patients with pelvic metastasis and 62 patients without metastasis was performed to estimate the sensitivity and specificity of serum CTSL levels. The results indicated that the area under the curve was 0.624, and the sensitivity, specificity, positive likelihood ratio and negative likelihood ratio were 60.9% (70/115 cases), 57.4% (26/62 cases), 1.4 and 0.7, respectively, suggesting that the serum CTSL levels may be potential markers for the preoperative assessment of tumor metastasis Cox regression model and multifactorial survival analysis were used to determine whether the CTSL expression in preoperative ovarian cancer patients is an independent prognostic indicator. Among all the factors including age, histological type, histological grade, clinical stage, liver metastasis, omentum metastasis, lymph node metastasis, ascites, residual foci and the preoperative serous content of CTSL, postoperative residual tumor size was found to be an independent prognostic factor (P=0.038) (Table VI) , but the preoperative serum concentration of CTSL had a weaker association with prognosis (P=0.337).
Expression of CTSL in ovarian cancer cells and its influence on cell invasion, metastasis and cell adhesion.
RT-PCR results indicated that CTSL mRNA was positively expressed in HO8910-CTSL cells, and negatively expressed in HO8910 and HO8910-pcDNA3.1 cells. The western blotting indicated that the CTSL protein was positively expressed in HO8910-CTSL cells but negatively expressed in HO8910 and HO8910-pcDNA3.1 cells (Fig. 4A) . These results indicate that the expression of CTSL was consistent at both the mRNA and protein levels.
RT-PCR results showed that the mRNA expression of CTSL in the A2780 ovarian cancer cells transfected with the siRNA 1202 sequence was obviously lower than the expression in A2780 cells transfected with the other sequence or the control sequence (P<0.05). Thus, the fragment of 1202 sequence was selected to construct the siRNA interference eukaryotic expression vector of CTSL. RT-PCR and western blot results showed that the expression of CTSL at the mRNA and protein levels was downregulated in A2780-CTSL cells, but no significant difference in expression was observed among the A2780, A2780-Control and A2780-pSilencer cells, respectively (Fig. 4B) .
The expression of CTSL had less influence on cell growth and proliferation in accordance with the cell growth curve and the cell colony formation assay in the HO8910-CTSL (+), HO8910-pcDNA3.1 and HO8910 cells, and A2780, A2780-control and A2780-pSilencer cells, respectively. In addition, on the basis of FCM analysis, the percentages of cells in the Invasive ability Metastatic ability Adhesion ability S, G2 and M phases of the cell cycle in the HO8910-CTSL cell group were higher than these percentages in the HO8910-pcDNA3.1 and HO8910 cells, and the percentages of cells in the S, G2 and M phases of the cell cycle in the A2780-CTSL (-) cell group were lower that these percentages in the A2780 cells and A2780-controls, although both showed no statistically significant differences. However, the expression of CTSL had obvious influences on cell invasion and metastasis. As shown in Table VII , the cell invasive and metastatic abilities of the HO8910-CTSL cells were notably increased when compared with these abilities in the control cells (P<0.05), and the abilities of the A2780-CTSL(-) cells were obviously decreased in comparison with the abilities of the control cells (P<0.05), while no changes were observed in the cell adhesion ability of HO8910-CTSL and A2780-CTSL(-) cells when compared with their corresponding controls.
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Discussion
CTSs are a family of cysteine proteases which function primarily in protein degradation in the lysosomes of the majority of cell types (5), and specific CTSs are often upregulated in various types of cancers (10) . CTSs are expressed at the cell surface of cancer cells and are secreted into the extracellular space, where they degrade ECM components (11, 12) . This extracellular proteolytic activity allows cancer cells to invade surrounding tissue, blood and lymph vessels and to metastasize to tissues at distant sites (13) . The present study aimed to explore the relationship between CTSB, CTSL, CC and CTSD mRNA expression in ovarian epithelial cancer and clinicopathological factors and prognosis. We observed that CTSB, CTSL and CC expression in malignant ovarian tumors was significantly higher than the expression levels in benign tumors and normal ovarian tissues, and CTSB was associated with the amount of ascites and histological type. CTSL was associated with clinical stage, histological grade and lymph node metastasis, and CC was associated with pathological grade, liver metastasis and omentum metastasis. In addition, the univariate survival analysis showed that CTSL expression was associated with patient prognosis, and COX analysis indicated that CTSB and CTSL expression was an independent prognostic factor in ovarian cancer. Among all of the CTSs genes, CTSB and CTSL have been investigated the most intensively and appear to play a role in cancer based on their increased expression in various human cancers (14) (15) (16) . A role of CTSB and CTSL in tumor cell invasion was suggested by the observation of the increased invasiveness of cells overexpressing CTSB and CTSL (17) and by the decreased invasion in the presence of specific inhibitors of CTSB and CTSL (18) . Moreover, immunohistochemical analysis demonstrated that CTSB and CTSL exist in the cytoplasm of tumor cells in human ovarian cancer (9, 19) . Similarly, in the present study increased expression of CTSB and CTSL was noted in cancer, but not normal ovarian tissue, suggesting that CTSB and CTSL are survival prognostic factors in ovarian cancer, and may contribute to the invasiveness of ovarian cancer cells. Regarding their mechanism of action, previous studies indicate that they play a catalytic role (20) (21) (22) . First, CTSB and CTSL can act as protease, directly or indirectly, degrading the catalytic extracellular matrix, so that the physical barrier around the tumor cells is destroyed. Secondly, the intercellular adhesion is remodeled, so that the tumor cells grow into the surrounding area. Third, they act on the matrix components to promote the biological activity of tumor cells; and fourth, tumor neovascularization is promoted, directly or indirectly, to promote vascular endothelial cell sprouting and invasive growth.
Since ovarian cancer tissue is highly heterogeneous, multiple biopsies are necessary for careful examination (23, 24) . This means that the quantitation of cathepsins in biological fluids from ovarian cancer patients has several clinical advantages over measurements from ovarian cancer tissue. We found that the serum levels of CTSL were significantly higher in patients with ovarian malignant tumors than these levels in benign tumors and healthy controls, and the CTSL levels were elevated in low grade and advanced stage disease when compared to the levels in high grade and early stage disease. Our results were consistent with previous research (7). Siewinski et al (25) reported that the serum level of CTSL was higher in malignant tumors than that in benign tumors and normal controls. Women with ovarian cancer were found to have higher levels of CTSB and CTSL in sera (26) , and CTSB and CTSL were present in ascites and cyst fluid of patients with ovarian cancer (15, 27) . These results indicate that serum CTSL is increased in patients with ovarian cancer, and it may be a valuable serum markers for the diagnosis of ovarian cancer. Due to the occult nature of ovarian cancer onset, during early diagnosis and preoperative diagnosis it is difficult to judge the degree of invasion and metastasis resulting in the difficulty in treatment decision making and implementation. Based on the fact that the CTSL content in the peripheral blood of ovarian cancer patients was found to be related to invasion and metastasis, it is worth investigating whether it can be used as a marker before surgery to determine the extent of tumor invasion and metastasis. Observations in this group suggest that the CTSL content in the peripheral blood of ovarian cancer patients was positively correlated with the degree of extrapelvic invasion and metastasis. The ROC and performance analysis of the degree of invasion and metastasis further indicated that there was clinical reference value to determine the degree of tumor invasion and metastasis. Diagnostic and differential diagnoses of ovarian cancer pelvic metastasis rely mainly on imaging techniques. Research has confirmed that for ultrasound, calculate scan imaging (CT) or magnetic resonance imaging (MRI) examination in the peritoneum, mesentery, omentum, lesions <2 cm in diameter are difficult to identify. In regards to other diseases such as chronic inflammation or proliferationresistant tuberculosis, the mass identification and performance were similar to ovarian cancer, for both the clinical misdiagnosis rate was up to 30% (28) . The peripheral blood CTSL concentration was associated with malignant cell degradation in the matrix, rather than inflammatory lesions. Therefore, determination of the CTSL content in peripheral blood could be used as a reference marker to assess the degree of tumor invasion and metastasis, especially to ascertain whether there is an extrapelvic metastasis prior to surgery.
Cell adhesion, invasive and migratory abilities are important for tumor cell invasion and metastasis. Our results showed that the invasive and migratory abilities of pcDNA3.1-CTSL(+)-HO8910 cells were significantly greater than the abilities of the control cells in vitro, suggesting that the CTSL gene may play important roles in invasion and metastasis of ovarian cancer cells by hydrolysis of the basement membrane. Studies have shown that CTSL gene knockout mice exhibit a decline in tumor cell invasiveness. Levicar et al (29) found that CTSL is a protein which can modify the degree of malignancy of glioblastoma. In addition, we found that the cell invasive and migratory abilities of A2780 cells were decreased significantly while the CTSL expression in A2780 cells was downregulated by siRNA, providing further evidence that CTSL expression in tumor cells contributes to the invasion and migration of ovarian cancer cells, and this result is consistent with the findings of Yang and Cox (30) who reported that the downregulation of CTSL expression in melanoma cells reduced the ability of tumor cell invasion and metastasis, but had no influence on cell adhesion. Similar results in human glioma IPTP24 cells were reported by Levicar et al (29) .
Taken together, on the basis of our findings in ovarian cancer and the related studies in other types of cancers, we conclude that the CTSL gene is involved in tumor invasion and metastasis through degradation of the extracellular matrix, without affecting the adhesion of ovarian cancer cells. Thus, the CTSL gene is a possible molecular target for blocking ovarian cancer invasion and metastasis.
